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SUMMARY
On September 19, 2002, a51-year-old mae career

Digtrict Fire Chief (DC) respondedto afireinthe
basement and attic of athree-story, multiplefamily
dweling. Whileacting asincident commander (1C),
he was exposed to heavy smoke from the fire.

Approximately two weeksl|ater, the DC responded
to a hazmat incident as a member of the State
HazardousMateria sResponse Team. Thehazmat
incident involved a spill of 2-chlorotoluene, 2-

butanone (methylethylketone), and 1,2,4-

trimethylbenzene. Two daysafter the spill (October
4), the DC developed a cough for which he was
evauated by hisprimary care physician (PCP) the
next day. Hisrespiratory condition worsened and,
on October 15, hewas admitted into the hospital .
Despiteintensive hospitalized care, hisrespiratory
function continued to deteriorate until October 24,
when hedied. Theautopsy and death certificate
listed “progressiverespiratory failureand clinical
history of adult respiratory distresssyndromedueto
inhdaiond injuries’ astheimmediate causeof death.

The following recommendations address some
general health and safety issues. These selected
recommendations have not been evaluated by
NIOSH, but represent published research, or
consensus votes of technical committees of the
National FireProtectionAssociation (NFPA) or fire
servicelabor/management groups.

* Ensurethat fire fighters exposed to smoke
have access to medical evaluations if they
develop respiratory or any other unusual
symptoms, and

* Implement theannual medical evaluations
mandated by the Satein 1996

INTRODUCTION & METHODS

On October 15, 2002, a51-year-old male District
Chief was admitted to the hospital due to his

worsening respiratory condition. He had been

exposed to heavy smoke at afirein athree-story
multiplefamily dwelling and had responded to a
hazmat incident 13 dayslater. Despitetreatmentin
two hospitds, thevictimdied. NIOSH wasnotified
of thisfatality on November 4, 2002, by the United
StatesFireAdministration. NIOSH contacted the
affected Fire Department the sameday toinitiatethe
investigation. On February 24, 2003, aSafety and
Occupationa Hedth Specidist fromtheNIOSH Fire
Fighter Fatality Investigation Team traveled to

M assachusettsto conduct an on-steinvestigation of
theincident.

During the investigation NIOSH personnel
interviewed:

* TheFreChief

* TheTraning Officer

* TheUnionVice-Presdent

* Thevictim'swife

The Fire Fighter Fatality Investigation and Prevention

Program is conducted by the National Institute for

Occupationa Safety and Health (NIOSH). The purpose of
theprogram isto determine factorsthat cause or contributeto
firefighter deaths suffered in theline of duty. Identification of
causal and contributing factors enable researchers and safety
specialiststo develop strategiesfor preventing future similar
incidents. The program does not seek to determine fault or
place blame on firedepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shown inthe shield above), other fatality investigation
reports, or further information, visit the Program Website at

www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-N1OSH
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Duringthesite-visit NIOSH personnel reviewed:

*  HreDepartment policiesand operating guiddines
*  FireDepartment training records

» TheFire Department annual report for 2002

»  FireDepartment incident report

»  Statehazmat incident report

* Hogspitd reports

*  FHreDepatment physca examination protocols
o Staehazmat physica examination protocols

* Dedathcetificate

* Autopsy record

» Past medical recordsof the deceased

INVESTIGATIVERESULTS

Incident. On September 19, 2002, the Digtrict Chief
(thevictim) reported towork at approximately 0730
hours. Theday wasspent performing administrative
duties. At 1842 hours, Engine2, Engine3, Engine
9, Ladder 4, Rescue 1, and Car 2 (the Digtrict Chief)
(15 personnel total) were dispatched to astructure
fire. Units arriving on the scene (1845 hours)

reported“smokeshowing.” SeeTable1foratimeine
of theresponse.

The structurewasa 14,400 squarefoot, three-story
and cdllar, nine-family gpartment building of balloon
condructionandvinyl Sding. Anexposureof Smilar
Szeand condructionwasstuated gpproximately five
feet away. Thefirebeganinthecdlar and had spread
up thewallsinto theattic. At 1900 hours, asecond
alarm wastransmitted and, at 1957 hours, athird
aamwastransmitted. Therewereatota of 32fire
personnel onthescene.

Crewsextinguished thefirein thecellar and then
evacuated thebuilding. Firehad spreadtotheattic
areaand ladder pipeswere put into service. The
fire produced heavy smoke conditions outside at
ground level. The DC was exposed to the smoke
onsevera occasions, thereby causing himto cough
severely. TheDC wasonthe scenefor 108 minutes

wearing his turnout gear but no self-contained
breathing apparatus (SCBA), acting as|C outside
the structure. The smokefrom thefire contained
typical combustion by-products. No other fire
fightersreported prolonged respiratory symptoms
that resultedintheir seeking medicd evduation. The
firewasdeclared under control at 2033 hours.

The DCworkedthreemoreshifts, duringwhichtime
hewas not subj ected to hazardous or toxic smoke,
and wasoff-duty for two days. On October 2, 2002,
at 1215 hours, aninitial activation occurred for a
Tier 1 hazmat responseto ahazmat spill inatown
located in another part of the state. Hazmat Truck
11 (Technical Operations Module) (TOMS) and
Truck 13 (Operations Response Unit) (ORU) were
dispatched. TheFD inthetownwason- sceneand
had isolated the contaminated area. Since the

substance involved in the spill was an unknown
irritating substance and L evel A suitswererequired
toganentry intothearea, aTier 2response (Truck
12) was activated at 1304 hours. The DC was
notified at 1310 hours. Truck 13 wasdelayed due
to a mechanical problem and Truck 12 was

requested. Therewould eventualy be 22 personnd

onthesceneincludingtheDC. TheDC arrived on
the scene at 1433 hours and was assigned to the
TOMsunit andyzingsamples.

At the scenewas an areameasuring 8 feet by 5feet
of asubstancethat had soaked into the ground but
wasemitting pungent andirritating vapors. A nearby
resident had been taken to the hospital with
respiratory distress, nausea, and dizziness. A
construction worker had placed hishand into the
substance and found it to be irritating and
subsequently washed off thematerid, however, the
odor perssted on hishand. Hewaslater transported
to the hospital for evaluation along with theinitial
firefighterswho responded. A total of 19 persons
were seen at two local hospitals. They were
exhibiting symptoms that included dizziness,
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headache, nausea, and watery eyes. They were
treated with humidified oxygen, observed for ashort
time, and rel eased.

By 1500 hours, the hazmat team positioned
themselves up wind from the spill site, and began
medical screening for theentry teams. Entry teams
were needed to determine the extent of the spill,
take direct readings, and to obtain samplesfor
analysis. Threeentrieswere made (1514 hours
t0 1908 hours) to obtain samples. All entrieswere
madein Level A personal protective equipment
which consisted of atotally encapsulating suit with
SCBA. Thespill samplesreveal ed amixture of
2-Butanone (MEK), 2-Chlorotoluene, and 1,2,4-
Trimethylbenzene.

2-Butanone, also known as Methyl Ethyl Ketone
(MEK), isaketone and is used as an analytical
reagent.! Itisan extremely flammableliquid and
vapor, causesirritationtotherespiratory tract, eyes,
and skinand causesdamageto thelungs, periphera
nervous system, respiratory tract, skin, eyes, and
central nervous system.! The NIOSH
Recommended ExposureLimit (REL) isacelling
value of 200 partsper million (ppm)? (alevel that
should not be exceeded at any time). The scene soil
samplereved ed 200,000 micrograms per kilogram
(Lg/Kg) (200 ppm), but no air samplesweretaken.
The NIOSH REL isfor airborne exposures and
cannot be compared to soil samples.

2-Chloratoluene, dso known asOrthochlorotol uene,
isused asachemicd intermediateand asolvent.? It
isacombustibleliquid and may causeirritation by al
routesof exposure and symptomsof centra nervous
system depression including headache, dizziness,
nausea, loss of balance, and drowsiness.? The
NIOSH REL is50 ppm asan 8-hour timeweighted
average (TWA), and the 15-minute short-term
exposurelimit (STEL) is75 ppm.® Thescenesoil
samplerevea ed 5900 ppm, but no air sampleswere

taken. Again, the NIOSH REL is for airborne
exposures and cannot be compared to soil samples.

1,2,4-Trimethylbenzene, a soknown asAssymetrica
Trimethylbenzene, psi-Cumene, or Pseudocumene,
isaClass|l flammableliquid and an additivein
protective coatings, unleaded gasoline, among
others.*® Exposuremay causeirritationtotheskin,
eyes, nose, throat, respiratory system, headache,
drowsiness, nauses, etc.* TheNIOSH REL is25
ppm as an 8-hour TWA .* The scene soil sample
revealed 110 ppm, but no air samplesweretaken.
Again, theNIOSH REL isfor airborne exposures
and cannot be compared to soil samples.

It was determined that independent contractors
could safely clean up the scene and that therewould
probably be no need for another entry. Between
2130 and 2200 hours, theresponsewasdowngraded
fromaTier 2toamodified Tier 1. TheDCleft the
sceneduring thistimeand returned home. TheDC
was probably not exposed to any amount of the spill
material. Hewasnever downwind of the spill nor
did heenter the contaminated areato obtain samples.
Themgority of thetimeon-scene, theDCwasingde
the TOMsunit analyzing samples. Theincident
response was conducted in accordance with the
State Hazardous M aterials Response Policiesand
GuiddinesManud.’

The DC was off-duty the next day, October 3, and
returned to work on Friday, October 4 for the day
shift. On Saturday, October 5, dueto alingering
cough, the DC visited hisprimary care physician
(PCP). He was diagnosed with pharyngitis/

bronchitis, and was prescribed an antibiotic (that
treats bacterial infections), an antihistamine, and a
corticosteroid (inhaler)(which preventswheezing,
shortnessof breath, and troubled breathing caused
by severeasthmaand other lung diseases). A chest
x-ray revealed nofoca consolidation and bilateral

emphysematouschanges. Hed sobeganhavingeye
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itching, dischargeand tearing, which wasdiagnosed
asallergic conjunctivitisand givenaprescriptionfor
antibiotic eyedrops. Hiscough persisted, and, on
October 9, he was diagnosed with asthmatic

bronchitisand prescribed abronchodilator and a
differentantibiotic.

On October 11, he visited his PCP for cough,

congestion, hives, and body aches. Thehivesbegan
after taking thenew antibiotic and hewasadvised to
discontinueitsuse and wasre-prescribed thefirst
antibiotic. On October 14 his cough and rash

worsened and achest x-ray revealed multiple patchy
ill-defined areas of increased density which had
developed in both lungs, more pronounced inthe
right lower lobe region; most likely aggressive
pneumonia. Hislaboratory test resultswere normal
and atest for lyme disease was negative. Hewas
diagnosad with pneumoniaand shinglesand adifferent
antibiotic wasprescribed.

On October 15, hiscondition worsened and he
was admitted into alocal hospital. The course of
treatment included ruling out erythemamultiforme,
varicellapneumonia, and legionella. A chest x-
ray on October 16 revealed bilatera infiltratesin
both lower lobes, lingular, and the right middle
lobe. A chest x-ray performed on October 18
reveal ed dense consolidation in the lower lobes
bilaterally. He was transferred to a regional
hospital where his condition deteriorated and he
wasintubated (breathing tube placed into histhroat
to assist hisbreathing). Testsfor pneumocystitis,
cytomegalovirus, and respiratory syncytial virus
werenegative.

Over the next six days his respiratory condition
worsened despiteintensive careand on October 24
hewas pronounced dead at 0443 hours.

Medical Findings. Thedesath certificate, completed
by theMedical Examiner, listed

“Progressiverespiratory failureand clinical history
of adult respiratory distress syndrome” due to
“innaationinjuries’ astheimmediate cause of desth.
Pertinent findingsfrom the autopsy, performed by
the Medical Examiner, on October 30, 2002,

induded:

*  Pumonary congestion
e  Tracheobronchid treeisdiffusdy obstructed
by mucoid-typematerid
*  Areasof squamousmetaplasainthemid-trachea
* A chronicinflammatory infiltrate within the
mucosaand submucosaof thelungs
» Diffusedveolar damageinthereparative phase
* Interdtitid fibrogsof thelungs
*  Nosgnificant narrowing of thecoronary arteries
» Cardiomegay (enlarged heart)(466 grams)

TheDidrict Chief had anannud physicd examination
(September 23, 2002) givento all State hazardous
materials response team members. The

comprehensive exam wasnormal and spirometry
reveded an FVC of 91% and an FEV , of 101%.
Hewas subsequently cleared for “ hazmat duty with
no restrictions.” According to his wife and

crewmembers, prior to the structure fire on

September 19, 2002, thevictim had no respiratory
complaints. Hebegan coughing the day after the
gructurefireand grew progressively worseover the
next month.

DESCRIPTIONOF THEFIRE
DEPARTMENT

At thetime of the NIOSH investigation, the Fire
Department consisted of 216 uniformed personnel
and served a population of 92,500 residentsina
geographic areaof 42 square miles. Thereare 6
firestations. The FD staffs each of the 8 engines,
3 ladders, and 1 heavy fire rescue with three
personnel. Automated external defibrillatorsare
carried on all fire apparatus. Firefighterswork
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thefollowing 8-week schedule: day shift (0730
hoursto 1730 hours), night shift (1730 hoursto
0730 hours), off-duty, day shift, night shift, off-
duty, off-duty, and off-duty. Emergency Medica
Serviceisaseparate City divisonwithintheFire
Departmen.

In2001, the Department responded to 4,035 cdls: 188
grass/brushfires, 181 gructurefires, 145vehicdefires,
1A trash/rubbishfires, 7 outsdefires 16 explosons, 3
overpressurel rupturecals, 373 emergency medical
cdls, 148rescuecdls, 472 hazardouscondition cdls,
19arcraft dandby cdls 154 sarvicecdls, 2,166fdse
darms and49other cdls.

Training. TheFireDepartment requiresall new fire
fighter applicantsto passawritten civil servicetest
and aninterview prior to being given acondition of
employment. The candidate must then pass a
background check, aphysical examination, and a
physical ability test (given by the Civil Service
Commission) prior tobeing hired. Newly hiredfire
fightersareon probationfor oneyear. They receive
aninitia 8week training programin conjunctionwith
the MA FireFighting Academy. Company officers
monitor new hiretraining and at theend of the one
year probation period, the Fire Fighter hasachieved
training tothe Fire Fighter 11 and First Responder
leve.

Recurrent training occursdaily on each shift. Half of
the Department trainswhilethe other half performs
fire safety inspections. The State minimum

requirementsfor firefighter certificationare: (1) the
candidate must be at least 18 years of age, (2)

possess a high school diplomaor GED, (3) bea
member of the MA fireservice, and (4) complete
the State Fire Fighter | and |1 and First Responder
course. Thereisno Staterequirement for firefighter
recertification. Thevictimwascertified asaFire
Fighter 11, Fire Officer 1, Hazardous Materials
Operations, Fire Service Instructor, and Fire

Investigator. He had 25 years of fire fighting
experience.

Preplacement Evaluations. The Department

requiresapreplacement medical evaluationfor al
new hires, regardless of age. Componentsof this
evaudionincludethefollowing:

* A completemedicd history

* Vitddgns

» Physcd examination

» Pulmonary functiontest (PFT)
* Audogram

* Vigonscreen

» Additiond testswhereindicated

These evaluations are performed by a contract
physician with guidance from the State Human
Resources Division. Once this evaluation is
compl ete, the physician makes adetermination
regarding medical clearancefor firefighting duties
and forwardsthisdecision to the City’s personnel
director.

Periodic Evaluations

Periodic medica evaluationsarenot required by this
Department. In 1996, the State passed an unfunded
mandatefor annud firefighter physca examinations.
Additiondly, the State mandatesthat firefightersare
not permitted to smokecigarettesor cigars.

The Staterequiresal HazardousMaterid sResponse
Teammembersto passanannud physica evauaion.
Componentsof theeval uationincludethefollowing:

* Interimmedical and occupationd history

* Interimphyscd examination

e \Vitddgns

* Blood tests. complete blood count, liver and
kidney function, HDL, andtota cholesterol

*  Pulmonary functiontest

Urindyss
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* Audiogram
e Visonscreen
» Testingfor occult blood

A contract phys cian performsboth thenew hireand
annua medica evaluationsfor HazardousMaterids
Response Team members. Oncetheseeva uations
arecomplete, the physician makesadetermination
regarding medical clearancefor hazardousmateriads
response duties and forwardsthisdecision to the
State' sOffice of HazardousMaterialsResponse.

Medical clearance for self-contained breathing
goparatus (SCBA) useandfor firesuppressonisnot
requiredfor firefighters, however, itisrequiredfor Sate
HazardousM aterid sResponse Team members.

Firefightersmay voluntarily participateinanannua
physical examination aspart of their persond hedth
insuranceprogram. If anemployeeisinjureda work,
or isill and off work for more than one shift, the
employeeisevauated by their persona physician,
whoforwardstheir recommendationregarding“return
towork” tothe FD Personnel Officer (Deputy Chief
of Operations), who makesthefinal determination.
Exercise(strength and aerobic) equipment islocated
inthefirestations. However, no wellness/fitness
programsarein placefor the Department. Health
maintenance programsare availablefromthe City.

Thevictimwaslast cleared for HazardousMaterias
Response Team duty by the contract physicianin
September 2002. Heexercised regularly by walking.

DISCUSSION

TheDC had aprogressverespiratory dissaseending
inasyndromeknown asAdult Respiratory Distress
Syndrome (ARDS). ARDSisasevereformof lung
injury mediated by an excessive inflammatory
response. Themortdity rateof patientswith ARDS
range from 50 to 70%.8 A number of direct and

indirect conditionscan causeARDS (Table2). From
thislist, themost likely causesof the DC'sARDS
are adiffuse pulmonary infection and/or atoxic
inhaation.

In the September 2002 house fire, the DC had
exposureto smoke. Breathing thissmoke caused
the DC toimmediately cough, thusthe smokewas
most likely a pulmonary irritant. However, his
coughingwasrdatively mild, it did persst for severd
weeks. Nonetheless, it would bevery unusual for
thissmoke exposureto result inatoxicinhaation
severe enough to causeARDSfour weeksl|ater.

TheDC responseto thehazmat incident fitsthetime
frame much better for toxicinhalation causing his
ARDS. In addition, the chemicals present at the
spill are known to cause pulmonary irritation.

However, by al accounts, theDC’sexposuretothe
toxic spill wasminimal since his participation was
limited to the TOM S unit which was positioned
upwindtotheste.

Fndly, whileadiffusepulmonary infectioncould have
caused the DC'sARDS, culturesfrom hislung and
Sputumwerenegative. Inaddition, hewasprescribed
avariety of antibioticswhichwould havetreated

many lung pathogens.

Insummary, itisnot possbletodefinitively determine
what caused this fire fighter to develop ARDS.
However, NIOSH investigators consider atoxic
inhaationto bethemost likely scenario. 1t cannot
be determined whether thistoxicinhaation occurred
during thehousefirein September, theHazmat spill
in October, or some other unidentified exposure
during thefirst few weeksof October.

RECOMMENDATIONS
Thefollowing recommendationsaddressheath and
safety generally. It is unclear if any of these
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recommendations could have prevented thetragic
death of thisDidrict Chief.

Recommendation #1: Ensurethat firefighters
exposed to smoke have access to medical

evaluations if they develop respiratory or any
other unusual symptoms.

Firefighterswho are exposed to toxic smoke and
gases and develop respiratory or other unusual
symptoms should have accessto fire department
or city medical evaluationsfor urgent treatment.

Recommendation #2: I mplement the annual
medical evaluations mandated by the State in
1996.

TheCity and Unionshouldwor k together toestablish
the content and frequency in order to be consistent
withthe Stateregulations.
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Tablel. Incident Response Timeline

1842hours. Firstalarm (E2, E3, E9, L4, R1, C2) dispatched
1845hours. Unitsarrived onthescene

1851 hours. E4 and Squad 1 dispatched

1900 hours. Second darm (E6, Duty Executive Chief) dispatched
1920 hours. Order givento evacuatethebuilding

1930hours. L2 dispatched

1935hours. two Deputy Chiefsdispatched

1957 hours. Thirddarm (E5for brand patrol)

2033 hours. Firedeclared under control

Table2. ConditionsThat May CauseARDS.?

1 DirectInjury
A. Aspiration of gastric contents
B. Diffusepulmonary infection
C. Near drowning
D. Pulmonary contusion
E. Toxiclnhaation

2 Indirect Injury
A. Sepsissyndrome
B. Severenonthoracictrauma
C. Hypertransfuson
D. Pancredtitis
E. Cardiopulmonary bypass
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